A triple helix-forming oligonucleotide-intercalator conjugate acts as a transcriptional repressor via inhibition of NF kappa B binding to interleukin-2 receptor alpha-regulatory sequence.
Oligonucleotide-directed triplex formation within upstream regulatory sequences is envisioned as a potential tool for gene inhibition. However, this approach requires that triple helix-forming oligonucleotides are chemically modified, so that the triplex is stable under physiological conditions. Here, we have compared several chemical modifications of an oligonucleotide, targeted to a natural 15-base pair homopyrimidine.homopurine sequence located in the upstream regulatory region of the gene encoding the interleukin-2 receptor alpha chain (p55, IL-2 R alpha). Methylation of the cytosines strongly stabilized the triplex. Further attachment of an intercalating agent (acridine) dramatically increased the stability of the triplex, as assessed by Tm measurements or by band shift assays. Furthermore, the acridine-derivatized oligonucleotide was more efficient in competing away high affinity DNA-binding proteins, as assessed by restriction enzyme inhibition assays. Using a novel footprinting assay, we have further shown that the interaction of the methylcytosine-substituted, acridine-derivatized oligonucleotide with a plasmidic target, harboring the IL-2 R alpha regulatory region, remains highly sequence specific, occurs at physiological pH and is independent of the superhelicity of the plasmid. Acridine derivatization did not impair the exquisite target specificity of triplex formation, since the derivatized oligonucleotide inhibited the binding of nuclear proteins to the overlapping NF kappa B enhancer sequence on an IL-2 R alpha target and not on the related human immunodeficiency virus long terminal repeat target. Finally, the oligonucleotide inhibited the NF kappa B-dependent tax-induced transcriptional activation of the IL-2 R alpha chloramphenicol acetyltransferase construct in live cells, whereas it did not have any effect on a human immunodeficiency virus long terminal repeat chloramphenicol acetyltransferase construct. We conclude that this modified oligonucleotide acts as a transcriptional repressor for the IL-2 R alpha gene via triple helix formation with regulatory sequences.